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Abstract. Twenty mechanically ventilated patients 
with acute renal failure were studied on 31 occasions 
to determine their energy expenditure (EE) during a 2 
h period before a hemodialysis. Oxygen consumption 
and CO 2 elimination were measured continuously 
with a mass spectrometer system. EE (1660 + 
48 kcalday -~) was close to the total caloric intake 
(1682 + 83 k c a l d a y - l ) a n d  represented 1.19 _+ 0.03 
times the predicted resting energy expenditure (PREE) 
with large inter-individual variations (0 .7-  1.7 PREE). 
E E / P R E E  was higher when sepsis was present (1.31 + 
0.03 versus 1.14 + 0.02; p<0 .05) .  Glucose oxidation 
rate ( 4 . 3 5 m g k g - l m i n  -1) exceeded glucose intake 
(2.6 mg kg - j  min-~). Respiratory quotient was 1.02 
+ 0.01. Nitrogen loss was 15'.3 + 1 .7gday -~ and 
nitrogen balance - 11.9 _+ 1.9 g clay- ~. In conclusion, 
EE values were scattered but never exceeded 1.7 times 
the PREE. Sepsis increased EE. With a nutritional 
support  covering EE, nitrogen balance remained 
markedly negative and a preferential utilisation of  glu- 
cose and lipogenesis occurred. 
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The energy expenditure (EE) in selected groups of crit- 
ically ill [6, 9, 14], burned [17] or post-operative pa- 
tients [20] has been reported to vary from 1.2 to 1.5 
times the predicted resting energy expenditure 
(PREE). EE in acute renal failure (ARF) patients has 
been poorly investigated, and was found to be 1.5 [4] 
to 2.5 [15] times the PREE. The present study was 
designed (1) to reevaluate EE in ARF patients being 
mechanically ventilated by using a mass spectrometer 
system for continuous measurement of  O2 consump- 
tion (VO2) and CO2 production ('¢CO2) and (2) to ex- 

amine in these patients the relationships between EE, 
and sepsis, caloric intake and protein catabolic rate. 

Patients and methods 

Patients 

Twenty hemodynamically stable, non edematous pa- 
tients were studied; all had ARF requiring hemodi- 
alysis. They were mechanically ventilated in the con- 
trol mode for acute respiratory failure. At the time of  
the study, their arterial P O  2 w a s  above 8 kPa with a 
FIO 2 less than 0.4. The mean age was 61.2 + 2.4 years 
(range: 28-76) .  The origin of  ARF was medical in 11 
patients, post-surgical in 6 patients and post-traumatic 
in 3 patients. On 10 occasions, patients were septic 
(sepsis was assumed when three of  the following five 
criteria were present: temperature above 38.5 °C for 
several days, leukocytosis, positive blood cultures, 
presence of  an internal abscess, peritonitis). All pa- 
tients received parenteral and/or  an enteral nutritional 
support. No attempt was made to regulate the nutrient 
intake which was prescribed by the attending physi- 
cian. Mean caloric intakes are listed in Table 1. For 6 h 
prior to the study and during the whole study time 
glucose was the sole nutrient and was given at a mean 
constant rate of  2.6 mgkg  -1 ra in- l ;  no patient was 
receiving insulin. 

Table 1. Caloric intakes during 31 studies in 20 acute renal failure 
patients. Values are the means _+ SEM 

Caloric intake Glucose intake Fat intake Protein intake 
kcal day - 1 g day - 1 g day - 1 g day - 

/682_+83 257_+18 55_+3 34_+3 
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Protocol 

On 31 occasions, VO2 and VCO2 were measured dur- 
ing four consecutive 30 rain periods, before a hemo- 
dialysis session. We used a mass spectrometer system 
(Perkin Elmer MGA 1100) which provides a measure- 
ment of VO2 and "~CO 2 each 200 s. The mean of the 
nine consecutive values was considered as the VO 2 
and the ~rco2 for each 30 min period. Details of the 
mass spectrometer system have been presented in a 
previous report [2]. The system can be briefly de- 
scribed as follows: gas samples were drawn from the Y 
piece of the patient's breathing circuit to a mass spec- 
trometer and analyzed for inspired O2 concentration 
and CO2 wave form recognition. The latter analysis 
allowed rejection of artifactual cycles, e.g. due to 
coughing or tracheal suction. Then, expired gas was 
sampled from the outlet of a mixing chamber for the 
measurement of  mixed expired O2 and CO2 concen- 
trations. Expired flow was measured by a pneumo- 
tachometer (Gould). All the signals were collected by 
a microcomputer (Kontron) progammed to reject ar- 
tifactual respiratory sequences and to compute ~;O z 
and VCO 2. 

Calculations (see Appendix) 

PREE [Eq. (1)] was calculated according to the 
reevaluated Harris-Benedict equation [16], using the 
actual body weight. 

EE [Eq. (2)] and the apparent glucose oxidation 
rate (GOR) [Eq. (3)] were calculated according to the 
post absorptive formulae given by Bursztein et al. [5]. 

Protein catabolic rate was calculated from the rate 
of urea nitrogen production during 24 consecutive h 
including the 8 h of the study period. During this 
period, patients had no hemodialysis. Urea nitrogen 
production value [Eq. (4)] was calculated as the sum 
of  the urinary urea nitrogen loss, and the change in 
body urea nitrogen level as proposed by Blumenkrantz 
et al. [3]. 

The results are presented as the means + SEM. 
Statistical analysis used Student's t-test for compari- 
son of  means and least-squares fit method for linear 
regression. 

Results 

Mean EE was close to the total caloric intake and rep- 
resented 1.19 + 0.03 times the PREE (Table 2). As 
shown in Figure 1, the ratio E E / P R E E  varied from 0.8 
to 1.7. When sepsis was present, E E / P R E E  was 
1.31 _+ 0.03. In the absence of sepsis, E E / P R E E  was 
significantly lower (1.14 _+ 0.02; p < 0.05). There was 
no correlation between EE and core temperature. 

Mean glucose oxidation rate (4.35 mg kg-1 min-  1) 
exceeded mean glucose intake (2 .6mgkg -1 min-~). 
Respiratory quotient (RQ) was above one (Table 2). 
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Fig. 1. H i s tog rams  of  energy expendi tu re /p red ic ted  rest ing energy 
expendi ture  ( E E / P R E E )  in acute renal  fai lure pat ients ,  b ~ = non  
septic; ',2-',= septic 

Tab le  2. Ene rgy  expendi tu re  dur ing  31 studies in 20 acute  renal  fa i lure  pat ients .  Values  are the means  +_ SEM 

~/O 2 V C O  2 RQ P R E E  E E  
ml" min  - ~ ml .  r a i n -  1 kca l .  d a y -  1 kca l .  day  - 1 
, m 2 . m 2 

Ni t rogen  Ni t rogen  Glucose  ox ida t ion  P ro te in  
loss ba lance  ra te  ca tabo l ic  ra te  
g . d a y  - I  g . d a y  -1 g . d a y  -~ 

g.  day  1 mg" k g -  1 
• min  - 1 

135 137 1.02 1400 1660 17.3 - 11.9 400 4.35 108 
+_4 + 3  _+0.01 +_26 +_48 _+1.7 +_l.9 -+15 -+0.19 +_11 
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Fig. 2. Histograms of nitrogen balance and nitrogen loss in acute 
renal failure patients. [] = nitrogen balance; ,__,-'--'- nitrogen loss 

There  was a large n i t rogen loss and mean  ni t rogen 
ba lance  was negative (Table 2). As  shown in Figure  2, 
there was a large in ter - indiv idual  va r ia t ion  in n i t rogen 
ba lance  which var ied  f rom + 5  to - 4 0 g  N day -1. 
There  was no difference between septic and  non  septic 
pat ients .  

There  was no cor re la t ion  between EE, n i t rogen 
ba lance  and  calor ic  intake, nor  between ni t rogen bal-  
ance and  n i t rogen intake. 

D i s c u s s i o n  

The evalua t ion  o f  EE by indirect  ca lo r ime t ry  requires 
mul t ip le  and  f requent  de te rmina t ions  o f  VO 2 and  
VCO2, pa r t i cu la r ly  in intensive care pat ients .  We 
therefore,  used a mass -spec t romete r  system designed 
to provide  an accurate  con t inuous  measurement  o f  
p u l m o n a r y  gas exchange dur ing mechanica l  venti la-  
t ion  [2]. 

We found  tha t  mean  EE was 1.19 t imes the  PREE.  
This result  is close to the values measured  in o ther  in- 
tensive care pa t ien ts  [l 1, 14, 17, 20] and  in the three 
A R F  pat ien ts  s tud ied  by Braun  et al. [4]. On the con- 
tary, Mil ler  et al. [15], in ten A R F  pat ients ,  found  EE 
to be elevated much  more  some 2.5 t imes the P R E E .  
They used the Douglas  bag  technique,  a m e t h o d  which 
has the  l imi ta t ion  o f  in te rmi t ten t  da t a  availabili ty.  

The  EE values, which we measured ,  were scattered.  
This indicates  tha t  A R F  is not  associa ted  with a 
pred ic tab le  increase in EE. In par t icular ,  the  level o f  
the  p ro te in  ca tabol ic  rate is no t  a good  ind ica tor  o f  the 
level o f  EE. The  only  fac tor  which increased EE sig- 
n i f icant ly  was sepsis as found  by others  [7, 9] in 
var ious  groups  o f  intensive care patients .  

In  our  study, glucose ox ida t ion  rate largely exceed- 
ed glucose intake. This indicates  marked  endogenous  
p roduc t ion  o f  glucose, glycogenolysis  a n d / o r  n e o -  

glucogenesis.  The  pa r t i c ipa t ion  o f  neoglucogenesis  is 
suggested by the m a r k e d l y  negative n i t rogen balance.  
Moreover,  an accelerated ob l iga to ry  neoglucogenesis  
has been shown in chronic  renal  fai lure [12] and  dur-  
ing sepsis [1]. A large calor ic  in take  dur ing  A R F  has 
been r e c o m m e n d e d  [8, 10, 13, 18, 19] to prevent prote-  
in ca tabol i sm.  On  the basis o f  our  results, the nutr i -  
t ional  benefi ts  o f  such a calor ic  load  could  be ques-  
t ionable.  In  fact, with a nu t r i t iona l  suppor t  jus t  cover- 
ing EE, we found  a RQ above one, which indicates  a 
preferent ia l  u t i l i sa t ion  o f  glucose and  the existence o f  
l ipogenesis .  A larger calor ic  in take  could  enhance  the 
l ipogenesis  wi thout  avoiding the pro te in  ca tabol i sm.  
This might  lead to accumula t i on  o f  fat  in the liver and  
thus  to liver dysfunct ion .  

In  conclus ion,  EE values dur ing  A R F  were scat- 
tered but  never exceeded 1.7 t imes the  PREE.  W i t h  a 
nu t r i t iona l  suppor t  covering EE, n i t rogen ba lance  re- 
ma ined  marked ly  negative and  a preferent ia l  ut i l isa-  
t ion o f  glucose and  a l ipogenesis  occurred.  

Appendix 

Eq. (1). Predicted resting energy expenditure (PREE). For men 
PREE=88.362 + 4,799H + 13.397W - 6.673A. For women 
PREE = 447.593 + 3.098 H + 9.247W - 4.330A, PREE 
(kcal day-l); H (cm)= height; W (kg)= weight; A = age. 

Eq. (2). Energy expenditure (EE). EE = 5.083 )02 + 0.138 )CO 2 
- 0.128UNA. EE (kcalday-1); "¢O 2 ( lday- l ) ; )CO 2 (lday-1). 
UNA (g N day -1) = rate of urea nitrogen appearance. 

Eq. (3). Apparent glucose oxidation rate (GOR). GOR = 
4.06)CO 2 - 2.854VO 2 + 0.095UNA. GOR (gday H) 

Eq. (4). Urea nitrogen appearance (UNA). UNA = UUN + 
(SUNf-SUNi.0.6Wi) + (Wf-Wi.SUNf). UUN (gday -1) = 
urinary urea nitrogen; SUN (g l -  I) = serum urea nitrogen; 
i = initial value; f = final value. 
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